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Abstract 

ANSYS hasbeenusedtodetemine thedeflectionofthecsntral tracking 

clzmber and stressle~lsduring~~onandinthe final configuration. 

adzroduction 

~centraltrackingch&xr (Fig.1)ismdeofWoalminumdished 

hniads 108 in. in dian&er separated by a distance of approximately 10 feet. 

Appoximately 40,OOOwires are stnmgbetweentheheads,eachwire requiring 

a0.120 in.d.iamterhole penetrating thehead. Theremustbesufficient 

tension ineac!hwixetopreventexcessive sag. The questionstobe answerti 

axe: 

1. Inthe finalasser&ledstate,whatwillbethedeflectionof the 

headbothradiallyandaxially (needtoknmwirepositions). 

2. ~largeaneffectdoth@edgeconditionsofthedishedheadhavE? 

cm the final. deflection: i.e., havdoesonesupport:thedishedhead. 

3. Howdoes theheaddefomduringass~ly. 

4. What are thestress levels inthehead. 
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Fig. 1 
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Validationof Results 

Thereisnowayto acmratelypredictthedeflectionofadishedhead 

byanalyticalmthods. For thisreason,ANSYS,afiniteelmmtprogr~, 

hasbenused. Before tacklingtheproblemathand,oneneeds toestablish 

thevalidityandaccuracyofthe finiteelemmtmthcdforaproblemofthis 

type. By considering a flat circular plate with a hole in the middle of the 

tsam size as the dished head, one cqn cmparetheANSYS solutianwithan 

analytic solution. Fig. 2 shows such a plate. First, using mk, Page 339, 

Case 2a (siqle support), the following results are obtained. 

Fig. 2 

cl = 1.2602 

C 7 = 2.7817 

=11 = o.olu 

%7 = 0.1848 

D = (4.5E6)(.375)3/12(l-.32) = 2.17334 

a = 54.331 in. 

b = 8.661 in. 

4 = O.lpsi 

rO =b 

E = 4.536 psi 

t = .375 in. 

9 = 0.0725 

Ezesulting inadeflection at the inner hole: 

(1) 

4a4 Yb = K* D = -2.91 in. (2) 
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Fig. 3 
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The ANSYS solution for the sms loading is -2.93 in., a difference of about 

0.7 percent. The distorted gecmtxy plot for the circular plate is shown in 

Fig. 3. It is of further interest to note that the sam flat circular plate 

witha fixededgedeflectsapproximately .645 in. Oneshould,therefore, 

expectlargedifferences indeflectionbasedondifferentedge conditions. 

The second case'used to canpaxe ANSYS with an analytical solution is a 

partialdistributedloadover the same flat plate. The significance of this 

casewillbeobvious in later sections of this paper. The problerntobe 

solvedanalyticallyis shownbelow: 

Fig. 4 

l-------a----+ 

a = 54.331 in. 

b = 8.661 in. 

rO = 17.795 in. 

= 0.1 psi 

E = 4.536 in. 

t = 0.375 in. 

V = 0.3 
I&ark, Page 339, Case 2a, has the load applied as shown below, so superposi- 

tionmustbeusedtosolvethecasejustdescribed. 

Fig. 5 a = 54,331 in. 

b = 8.661 in. 

q = O.lpsi 

rO = 17.795 in. 

E = 4.5E6 psi 

V = 0.3 
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D = 2.17334 (see Eq. 1) 

= 1.2602 

='(~0.;,:;@;31) ~~""(L2602)(0.1410) \ 
52 2.7817 ; 0*00566) = -2.33 . '\ I 

(3) 

The solution for the case of interest (Fig. 4) is found by subtracting EX.J. 3 

fmlTtEq. 2: 

53, -2.91 + 2.33 = -0.58 in. 

The AMYS solution for this. case is -0.574 in. The distorted gemstry plot 

forthis case is shcwninFig. 6. 

Onelastpointwhichneedstobemntionedcon~gvalidationofre- 

sultsis that the cases solvedso farhave involvedpressureloadingin 

whichtheloadingstaysnoma3.tothesurfaceof theplate. Forflatplates 

and smalldeflectims applyingpressureloadsis an accuratewayofrmdeling 

the loads appliedbywireswhichalwayspull intheaxialdirection. IJoweer, 

for dished heads, thG surface of the plate is not nornml to the force applied 

by~wires,cansequentlyonerra;lstuseamass~loadinginwhichtheplate 

material is assigned inartificallyhighde3xhtytonmdelthe force of the. 

wires. Asketchmaymakethismreclear: 



-7- 

Fig. 6 
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Pressure Mad Mass-d 

For thepurpose bf deknstratingthevalidityofthis technique, them 

cases solved Feviously (Fig. 2 and Fig. 4) ha. been resolved by assigning 

a density of .0006901 lb s~/~JI.~ to the flat plate &d remving the pressure 

load of 0.1 psi. Thedensitywas ccqx~tAsoastoapplythesarmetotal. force 

over the surface of the flat plate as a pressure load of 0.1 psi applies. 

The results of the ANSYS solutions for the two cases are smmarized in Table 1. 

As apointof interest, the difference- deflections produced by 

mass and pressure loading applied to a dished head is approximately 30 pztxent. 

One clearlycannot~~~epressureloadingtomdelthereal problm. 
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ElasticConstatits 

The dished head has a 0.120 in. diameter hole for each wire 

through. There will be approximately 40,000 holes in each head. 

to penetrate 

-must, 

therefore, rmdifu the elastic constants for the head by an appropriate amunt. 

Robert Cook at the University of Wisconsinbroughttoourattention apaper 

by Slot and O'Donnel which describes a fairly &tple way to treat perforated 

plates. ~~~thewirepattemisnot~~yunifo~ydistr~~over 

the dished'head, it is close moughto allclwelingthe loadas auniform 

pressure load of 4.1 psi or a total force cm the head of about 35,000 lb. 

~assumptionofaunifom~holepattexnalsoaLLaws theelastic constants 

tobedet~edasdescribedi.nSlot'spaper. Alleffectiveelasticm- 

stantswillbedeno~withan asterisk. The materialused is aluninun. 

Ccxnp&.e E* USing slot and o’~~l’S paper: 

2p cos 30 f p = .5669 

P' .5669 
2 cos 30 + 1= oo20750 

h = p - dia = 0.20750 - .120 

= 0.08750 
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Ligammt efficiency q = k = $$$ = 0.422. F'rom Table 4: 

Et= .3105 -I- .422 - .333'! 
E .5 _ .333 j l.5291 - .3105) = .4270 

,/' 
v = .3400 

G* 
G = .4161 

E* = (.4270)(10.636) = 4.52635 psi 

jJ* = .3400 

G* = (.4161)(4~6) = 1.6636 psi 

(5) 
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!lbestablish the upperandlcxmrlimits of deflectionwithinwhich all 

proposed construction techniques will fall, the dished head will first be 

txeatedas a sin@ifieddishsdheadwithno flange,108 in.outerdiamter, 

17.324 in. dimeter center hole, 0.375 in. thickness, and aluminunmaterial 

withtLhEeffecrtiveelastic~~~described intheprevious section. This 

sk@ifiedheadwillbesirqlysqqmkedandfixedattheouter~ter. 

TheadualdishedheadwiU.haveastiffeningringwelded~o~dthe,outer 

diameter and will w&ably approach the fixed edge case rather closely. The 

simplified head is shm in Fig. 7. The simplysupported'headunderaload 

of 4.1 psi is shcwn in the deflected positicn in Fig. 8. The maxkmm displace- 

mt in the Y direction (at the &dge of the hole) is 0.251 in. The maximum 

radialdisplacemmt (attheoubredge) is 0.120 in. 

The fixed edge head is shcm in the deflected position in Fig. 9. The 

Imximum displacemnt in the Y direction is 0.013'i.n. The maximum radial dis- 

placement (atr= 35 in.) is approximately -003 in. These tm cases establish 

thewinduwwithintich all actual construction caseswill fall. 
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Fig. 7 
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Fig. 8 
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The actual dished head is shcm in Fig. 10. NotE!thatthereisanalumi- 

numstiffeningringwleldedaround~ecirccrmfereslceofthes~dishedhead 

treatedintheprevious section. Theheadwillbesupportedbysinqlysup- 

pcrtingthestiffeningringas shmn. The stiffeningringis 4 in.wide and 

1 in. thick. 

Notonly is the findldeflecteds~~ofinferestbuttbebehaviwof 

theheadsduringstringingofthewkes is ofinteresttohelpdetermine 

whetherea&ti shouldbetensionedas strung (us@glittle spr*gs at the 

endof thewire) orwhetherallwires shouldbe strung lmselyandtheentire 

ass~lyposttensionedbydrivingtheheads apart. Because the ass&~ly 

technique is stillunclear,~effe~ofgravi~shouldbeconsid~on 

the head&m it is oriented with its axis parallel to the gromd. If the 

analysis canbedoneignoringgravityandinclw3ingonlytheeffectsofthe 

WiJXS. Fig. 11 shows the distorted shape of the head due to its own weight 

when standing cn.edge. Thenmximmdeflectionis just less than .OOlin.,so 

gravitywillbeignored. 

CRE actual assmMy sequencewillbemdeledbyapplyingtheloadin 

annuli of increasingradius,pmgressingthrou&180°ata time. Asketch 

showingthisloadingsequence follows: 

Nomad First 180° Second 180° Third 180° 
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Fig. 10 
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Fig. 11 
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To aid the reader in interpreting the.plots (Figs. l.2-21) showing the 

distorted shapes of the head at various stages of winding, note that the plots 

are made by viewjng the head at Section A-A labeled in the previous sketch. 

Actually, only half the head has been mdeled. Fig. 10 shcms the undistorted 

shape of the head. Fig. 12 shows the distortion due to application of load 

in the first 180° region. The title on this plot (Fig. 121, VTYPE 1 ON," 

mansthatallthe elemnttyps lhavehadtheirdensityturnedonsothat 

the load is applied through the first MO0 arc. Fig. 13 shcrwS the distortion 

due to application of the load in the second 180° region and is titled "ETYPES 

1, 2 CW to indica~thatelen~ttypesland 2 havehadtheirdensities turned 

al. There are atotalof five annul.iforatotalof10 elemnttypes and, 

mnsvtly, 10 distorted plots. Thenurtberintheqperrighthandcorner 

of each plot (0.03379 in Fig. 21) indicates the rmrimun displacemnt for that 

pxcticular load case. The mxinuam displacemnt in all cases occurs either 

right at the edge of the inner hole in the head or very near the inner edge. 

The surpcisingresultis that the maximumdeflectionis aknostreach&after 

the first full annulus is turned on (Fig. 13). Thenthedisplacemntdecreases 

as the next annulus is loaded (Fig. 15), increasing mmothly with load to 

final fully loaded condition (Fig. 21). !&is can be understood by examjning 

therotations oftheelemnts as the firstannulusisturnedon; however,a 

rather simple lhysical explanation can be had by considering the following.2 

ImaginelooselyholdingtheoppoBiteedges ofapieceofpaperineachhand 

so tit&paper sags in themiddle. Applicationof aloadinthe center of 

the paper causes'significant deflection. Now consider application of a load 

aneachsideofthe~~ofthepdper,nearyourhands. Thisloadcauses 
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Fig. 12 
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Fig. 13 
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Fig. 14 
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Fig. 15 
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Fig. 16 
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Fig. 17 

STEP= 1 I TEE= 1 TIME= 0 .03030 

Y 

IL- X 



- 26 - 

Fig. 18 
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Fig. 20 

STEP= 1 ITER= 1 TIME= 0 .03332 

Y 

IL X 



Fig. 21 

STEP= 1 ITER= 1 TIME= .03379 

Y 

h X 



- 30 - 

the paper to %alloon" out, and the centex of the paper actually deflects 

upratherthandown. A similar effect is seen inthedishedhead. Thefinal 

distorted shape (Fig. 21) has a maximn radial displacemznt at the outer 

stiffening ring of 0.015 in. and a rotation of the ring of 0.0022 radians. 

l-1/2 5~11 thick 

!NJ-m*~ 

asinthefinal. 

alurnin~ring inside thehole in thedished head,tben 

thisinnerringuntilthessme rtmximm deflection is achieved 

asserrblystate (allwires struug). Theguestiontobean- 

swered is how closely does the profile of the head match the profile of the 

head inthe final assemblystatewhenpulleddownbythe innerring. The 

answer seen in Fig. 22 is not very close at all. It in interesting, however, 

to note how closely the first aunulus loading (Fig. 13) matches this center 

post loading (Fig. 22). 

Stresses 

Stress concentration factors are needed for perforated plates. Work by 

O'Donnell and Ianger provides the needed factors. The ligament efficiency 

already amputed (Eq. 5) as 0.422 is used along with Figs. 12 and 13 in the 

O'Donnell andLangerpaFrto determine the following stress concentration 

factors (SCF): 

SCF = 3.3 for isotropic stress 

SCF = 5.1 foruniaxialstress 

SCE,= 2.73 at the rim (p/b = 0.0783) 
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Fig. 22 
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The uniaxial SCF should only be used where either ora or c16 = 0, i.e. 

Mere either radial stress or hoop stress is zero. For the problem at hand, 

the isotropic SCF is most realistic. 

Fig. .23 shows the meaning of the various stress values plotted in Figs. 24 

through 31. Fig. 23 shows SET, the maximum principal stress on the top sur- 

face of * plate elfmant. E&h the maximmandminimm.valuesofsMxTare 

plotted. Note that the conventionusedthroughoutis apositive sign for the 

izemxi.le stresses and a negative Sign for CanpreSSiVe StreSSeSI Fig. 25 repre- 

sentstheminimumprincipalstressescol~.~psurface. Fig. 26 represents 

thexnaximmshear stress onthebp surface. Fig. 27 represents thenmximum 

equival~tstress (or VonMise's stress) on tb.e.top surface. Figs. 28 through 

31representthe samstress ~~~onthebot~surfa~ofthepla~. 

~canclusiontobedrawnfrom~stressinformation~fromthe 

SEZ and SGEB plots (Figs. 27 and 31). The rtaxhum value of SG?D (2918 psi) 

occurs in theouterstiffeningringwhichneedsnostress concentration factor 

applied. Thevalues 0fSGETneartheoutereageof~headareapproximately 

1500 psi. (This is smawhatdifficultto see frcmtheplotbutiseasily 

extracted from the printout.) Applying the outer rim SCF of 2.73, the stress 

levels near the outerrimareontheorderof 45OOpsi,certainlynotbingto 

be concemed about. 
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Fig. 24 
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Fig. 25 
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Fig. 26 
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Fig. 27 
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Fig. 29 
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Fig. 30 
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Fig. 31 
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